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Type Features 


Silicon Photodiodes 


| @ | $1226, $1227 Series 


© | 81336, $1337 Series 


| Visible light to infrared, ~/320~1100 960 @ | 82386, $2367 Series 18-19 
‘for precision photometry : | _ _ aa 
| Visible light, for general-purpose  320~730 | 560 @ | $1087, $1133, $2833 etc. 
| Photometry _ | hie i L Sa 2021 
Visible light to infrared, 320~ 1100 960 — |$1087-01, $1133-01, etc. 
= _for general-purpose photometry | | { 7 
PIN Silicon High-speed response, 320 ~ 1000 800 — ; $2839, $2840 
Photodiodes for optical communication aon~d0Rn | =e 1 oe, eens), 
optical fiber data link, etc. Coolest ll - [ae See ——- — 
| «| 820~1100) 960 | @ $1190,81223, etc Sion 
| Visible light cutoff type | 700~ 1100 es 960 $2506 
ee ae eee 7 840~ 1100 980 | (Gc) |S2506-07 es 
| Large sensitive area, 190 ~ 1060 | 960 | © |S1723-05, etc 
ae “high ultraviolet sensitivity — | | el Saar | 
GaAsP Photodiodes |For visible light 300~ 680 640 @ (G1115, G1116, G1117, etc, | 26-27 
Fa ec al” de | | : 1S ™ PUL SES | 
eitiuston:Type) |Extended red sensitivity 4o0~760 | 710 |: ® | G1735, 1736, G1737, etc id 
GaAsP Photodiodes Ultraviolet to visible light __| 190~680 | _ 610 _o G1125-02, G1126-02, etc | 28-29 
(Setar: type) Extended red sensitivity [190~7e0 | 710 | @ |G1745,61746,G1747__ =| 
GaP Photodiodes Ultraviolet to green light | 190~550 440_ @ | 61961, G1962, G1963 3031 
Silicon Avalanche High-speed response and 400 ~ 1000 800 — | $2381, S2382, $2383, $2384 


Photodiodes (APD) high gain $2385 


Glossary of Terms Used in This Catalog 


Spectral Response 


The photocurrent produced by a given level of incident light 
varies with wavelength. This wavelength/response re- 
lationship is known as the spectral response characteristic 
and is expressed numerically in terms of radiant sensi- 
tivity, quantum efficiency, NEP, detectivity, etc. 


Radiant Sensitivity 


This measure of sensitivity is the ratio of radiant energy 
expressed in watts incident on the device to the photo- 
current output expressed in amperes. It may be expressed 
as either an absolute sensitivity, i.e., the A/W ratio, or as 
a relative sensitivity, normalized with respect to the sen- 
sitivity at the wavelength of peak sensitivity, with the peak 
value usually taken as 100. For the purposes of this catalog, 
the spectral response range is taken to be the region within 
which the radiant sensitivity is within 5% of the peak value. 


Quantum Efficiency (Q.E.) 


This is the ratio of number of incident photons to resulting 
photoelectrons in the output current, without consideration 
given to the individual photon energy levels, resulting in 
a slightly different spectral response characteristic curve 
from that of the radiant sensitivity. 


Short Circuit Current (Ish) 


This value is measured using white light of 2856K dis- 
tribution temperature from a standard tungsten lamp of 
100 lux illuminance (100 lux for GaP photodiodes). The 
short circuit current is that current which flows when the 
load resistance is 0 and is proportional to the device 
photosensitive area. 


Dark Current (la) and Shunt Resistance (Rsh) 


The dark current is the small current which flows when 
reverse voltage is applied to a photodiode under dark 
conditions. It is a source of noise for applications in which 
a reverse bias is applied to photodiodes as is typically the 
case with PIN photodiodes. To observe the dark current 
there are two methods—observation of the V/I ratio 
(termed shunt resistance) in the 0 V region (— 10 mV for 
the data herein), or observation of the current at actual 
applied reverse bias conditions. 


10 (mV) 
Dark Current at VR = 10 mV (A) 


Rsh 


Junction Capacitance (Cj) 


An effective capacitor is formed at the P-N junction of a 
photodiode. Its capacitance is termed the junction capa- 
citance and is the major factor in determining the response 
speed of the photodiode. This is measured at 1 MHz for 
PIN types and 10 kHz for other types. 


Time Response 
1. Rise Time (tr) 


This is the measure of the photodiode response to a 
stepped light input. It is the time required for transition 
from 10% to 90% of the output level. The rise time depends 
on the wavelength of the incident light and load resistance. 
In this catalog, a GaAsP LED (4 = 655 nm) or GaP LED 
(X= 560 nm) is used as a light source, and the load 
resistance is 1 kQ. 


2. Cutoff Frequency (fc) 


This is the measure of the high-speed phtodiode response 
to sinewave-modulated input light and used for PIN pho- 
todiodes and avalanche photodiodes. It is defined as the 
frequency at which the output of the photodiode decreases 
by 3 dB from the low frequency response. The light source 
used is a laser diode (A= 830 nm) and the load resistance 
is 50. fe and tr have the following relation; 


0.35 


t= 
r fo 


NEP (Noise Equivalent Power) 


This is the amount of light equivalent to the intrinsic noise 
level of the device. Stated differently, it is the light level 
required to obtain an S/N ratio of 1. The NEP is one means 
of expressing the spectral response. In this brochure, the 
NEP value at the wavelength of maximum response is 
used. Since the noise level is proportional to the square 
root of the bandwidth, the NEP is expressed in units of 
W/Hz”. 

Noise Current (A/Hz”) 
Radiant Sensitivity at Peak (A/W) 


NEP = 


Maximum Reverse Voltage (Va max) 


Applying reverse voltages to photodides can cause 
breakdown and severe deterioration of device perform- 
ance. Therefore reverse voltage should be kept somewhat 
lower than the maximum rated value, VR max, even for 
instantaneously applied reverse bias voltages. 


Characteristics and Use of Photodiodes 


INTRODUCTION 


Photodiodes make use of the photovoltaic effect —the 
generation of a voltage across a P-N junction of a semi- 
conductor when the junction is exposed to light. While the 
term photodiode can be broadly defined to include even 
solar batteries, it usually refers to sensors intended to 
detect the intensity of light. Photodiodes can be classified 
by function and construction as follows. 


@ Photodiode Types 

1) PN photodiodes 

2) PIN photodiodes 

3) Schottky type photodiodes 

4) Avalanche photodiodes 
All of these types provide the following features and are 
widely used for the detection of the existence, intensity, 
position and color of light. 


@ Features 

1) Excellent linearity 

2) Low noise 

3) Wide spectral response 

4) Mechanical ruggedness 

5) Compact and lightweight 

6) Long life 
This section will serve to introduce the construction 
characteristics, operation and use of photodiodes. 


CONSTRUCTION 
Hamamatsu photodiodes can be classified by manufac- 
turing method and construction into five types of silicon 


photodiodes and two types each of GaAsP and GaP pho- 
todiodes. 


Table 1: Photodiodes Types 


Type Construction Features Photodiode types 


Silicon photodiodes 
‘eg, S2386, S2387 series, 
Small dark current| \S1087, $1133 series 


Planar diffusion 
type 
GaAsP photodiodes 


Small dark current| Silicon photodiodes 
Fast response (s1336 series, ) 
High UV sensitivity) \S1337 series 

High IR sensitivity 


Low Cj planar 
diffusion type 


Small dark current] Silicon photodiodes 
High UV sensitivity} ($1226 series, 
Suppressed IR $1227 series 
sensitivity 


PNN* type 


PIN silicon 


PIN type Ultra-fast response} photodiodes 


High ultraviolet GaAsP, GaP 


Schottky type sensitivity photodiodes 


Internal multiply- 
»+| ing mechanism 
Ultra-fast response 


Silicon avalanche 


Avalanche type photodiodes 


@ Planar Diffusion Type 
An SiO2 coating is applied to the P-N junction surface, 
yielding a photodiode with a low level dark current. 


@ Low-Capacitance Planar Diffusion Type 

A high-speed version of the planar diffusion type photo- 

diode. This type makes use of a highly pure, high-resis- 

tance N-type material to enlarge the depletion layer and 

thereby decrease the junction capacitance, thus lowering 
the response time to 1/10 the normal value. The P layer 

is made extra thin for high ultraviolet response. 


@PNN* Type 

A low-resistance N* material layer is made thick to bring 
the N-N* boundary close to the depletion layer. This 
somewhat lowers the sensitivity to infrared radiation, 
making this type of device useful for measurements of 
short wavelengths. 


@ PIN Type 

An improved version of the low-capacitance planar dif- 
fusion device, this type makes use of an extra high-re- 
sistance | layer between the P- and N-layers to improve 
response time. This type of device exhibits even further 
improved response time when used with reversed bias 
and so is designed with high resistance to breakdown ana 
low leakage for such applications. 


@ Schottky Type 

A thin gold coating is sputtered onto the N material layer 
to form a Schottky Effect P-N junction. Since the distance 
from the outer surface to the junction is small, ultraviolet 
sensitivity is high. 


@ Avalanche Type 

Ifa reverse bias is applied to a P-N junction and a high-field 
formed within the depletion layer, photon carriers will be 
accelerated by this field. They will collide with atoms in 
the field and secondary carriers are produced, this proc- 
ess occurring repeatedly. This is known as the avalanche 
effect and, since it results in the signal being amplified, 
this type of device is ideal for detecting extremely low level 
light. 


THEORY OF OPERATION 


Figure 1 (a) shows a cross section of a photodiode. The 
P-layer material at the light sensitive surface and the N 
material at the substrate form a P-N junction which oper- 
ates as a photoelectric converter. The usual P-layer for 
a silicon photodiode is formed by selective diffusion of 
boron toa thickness of approximately 1 um and the neutral 
region at the junction between the P and N layers is known 
as the depletion layer. By varying and controlling the 
thickness of the outer P-layer, substrate N-layer and bot- 
tom N* layer as well as the doping concentration, the 
spectral response and frequency response can be con- 
trolled. 


When light is allowed to strike a photodiode, the elec- 
trons within the crystal structure become stimulated. If the 
light energy is greater than the band gap energy Eg, the 
electrons are pulled up into the conduction band, leaving 
holes in their place in the valence band (see Figure 1 (b)). 
These electron-hole pairs occur throughout the P-layer, 
depletion layer and N-layer materials, and in the depletion 
layer the electric field accelerates the electrons towards 
the N-layer and the holes toward the P-layer. Of the 
electron-hole pairs that are generated in the N-layer, the 
electrons, along with electrons that have arrived from the 
P-layer, are left in the N-layer conduction band, while the 
holes diffuse through the N-layer up to the P-N junction 
while being accelerated, and collect in the P-layer valence 
band. In this manner, electron-hole pairs which are gen- 
erated in proportion to the amount of incident light are 
collected in the N-layer and P-layer. This results in a po- 
sitive charge in the P-layer and a negative charge in the 
N-layer. If an external circuit is connected between the 
P- and N-layers, electrons will flow away from the N-layer 
and holes from the P-layers towards the opposite elec- 
trode, respectively. 


Figure 1 (a): Photodiode Cross-Section 
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EQUIVALENT CIRCUIT 
The photodiode equivalent circuit is shown in Figure 2. 


Figure 2: Photodiode Equivalent Circuit 


L: Current generated by the incident light 
(proportional to the amount of light) 

D: Diode current 

Qj: Junction capacitance 

Rsh: Shunt resistance 

Rs: Series resistance 

Shunt resistance current 


Vp: Voltage across the diode 
lo: Output current 
Vo: Output voltage 


Using the above equivalent circuit and solving for the 
output current, we have: 


lo = IL - ID - I = — bs (exp — 1-2 


Where 

Is: photodiode reverse saturation current 
e: Electron charge 

k: Boltzmann's constant 

T: Absolute temperature of the photodiode 


The open circuit voltage Vop is the output voltage when 
lo equals 0. Therefore, we have: 


Vop =F in(L=! +1) 


If we ignore I’, since ls increases logarithmically with re- « 
spect to increasing ambient temperature, Vop is inversely 
proportional to ambient temperature and inversely pro- 
portional to the log of IL. However, this relationship does 
not hold for very small amounts of incident light. 

The short-circuit Ish is the output current when the load 
resistance RL equals 0 and Vo equals 0, yielding: 


Ish = IL — Is (esas Stlshs} 1 ) eq P 


In the above relationship, the 2nd and 8rd terms limit Ish 
linearity. However, if Rs is several ohms or lower and 
Rsh is 10’ to 10'' ohms, these terms become negligible 
over quite a wide range. 


V-| CHARACTERISTICS 


When a voltage is applied to a photodiode in the dark state, 
the V-I characteristic curve observed is similar to the curve 
of a conventional rectifier diode as shown in Figure 3 ©. § 
However when light strikes the photodiode, the curve at 

® shifts to @ and, increasing the amount of incident light 
shifts the characteristic curve still further to position ® 
in parallel with respect to incident light intensity. For the 
characteristics for @ and ©, if the photodiode terminals 
are shorted, a photocurrent Ish or Ish’ proportional to the 
light intensity will flow in the direction from the anode to 
the cathode. If the circuit is open, an open circuit voltage 
Vop Or Vop’ will be generated with the positive polarity 
at the anode. 


Figure 3: V-I Characteristics 
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Figure 4: Output Signal vs. Incident Light Relationship 
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The short circuit current Ish is extremely linear with respect 
to the amount of incident light. When the incident light is 
within a range of 10°12 to 10°3(W), the achievable range 
of linearity is 6 to 8 orders of magnitude, depending on the 
type of photodiode and circuit in which it is used. The lower 
limit of this linearity is determined by the NEP, while the 
upper limit depends on the load resistance and the reverse 
bias voltage, and is given by the following equation. 


= veut Va__........(1) 
Puax = (Rg + R)* RA 
Pmax: Input energy at upper limit of linearity (W) 
Vg;i_ : Contact voltage (V) 
Va__: Reverse bias voltage (V) 
R_ : Load resistance (Q) 
R___: Radiant sensitivity at wavelength 2 
Rs_: Series resistance 


When laser light is condensed on an extremely small spot, 
however, the actual resistance increases, and linearity 
deteriorates. 

Vop varies logarithmically with respect to a change of 
amount of light and is greatly affected by variations in 
temperature, making it unsuitable for light intensity mea- 
surements. Figure 4 shows the result of plotting Ish and 
Vop as a function of incident light illuminance. 

Figure 5 (a) and (b) show methods of measuring light 
by measuring Ish. In the circuit shown at (a), the voltage 


(Ish x RL) is amplified by an amplifier A and the use of the 
bias voltage VR makes this circuit suitable for receiving 
high-speed pulse light, although the circuit has limitations 
with respect to linearity. This condition is shown in Figure 
6. In the circuit of Figure 5 (b), an operational amplifier is 
| used and the characteristics of the feedback circuit are 
such that the equivalent input resistance is several orders 
of magnitude smaller than Rf, enabling nearly ideal Ish 
measurements. The value of Rf can be changed to enable 
Ish measurements over a wide range. 
| If the zero region of Figure 3 ® is magnified, we see, 
as shown in Figure 7, that the dark current is linear over 
| a voltage range of approximately +10 mV. The slope in 
this region is termed the shunt resistance (Rsh) and this 
resistance is the cause of thermal noise currents de- 
scribed later. In this catalog, values of Rsh are given using 
a dark current of Ig with — 10 mV applied. 


Figure 5: Photodiode Operational Circuits 
(a) Reverse Bias Circuit 
Vout=A X Ish X RL 
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(b) Op-Amp Circuit 
Rf 


Ish Vout= — (Ish x Rf) 
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Figure 6: V-I Characteristics and Load Line 


LOAD LINE WITH 
BIAS APPLIED 


WV 


HIGH LOAD LINE 
LOW LOAD LINE 


Figure 7: V-| Characteristics (Expanded Zero Region) 
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SPECTRAL RESPONSE CHARACTERISTICS 


As explained in the section on principles of operation, 
when the energy of absorbed photons is lower than the 
band gap energy Eg, the photovoltaic effect does not occur 
The limiting wavelengths 4 can be expressed in terms 
of Eg as follows. 

EO nm) (1) 
At room temperatures, Eg is 1.12eV for silicon and 1.8eV 
for GaAsP, so that the limiting wavelengths are 1100nm 
and 700nm, respectively. For short wavelengths, however, 
the degree of light absorption within the diffusion layer 
becomes very high. Therefore, the thinner the diffusion 
layer is and the closer the P-N junction is to the surface, 
the higher the sensitivity will be (see Figure 1 (a)). For 
normal photodiodes the cutoff wavelength is 300 to 400nm, 
whereas for ultraviolet enhanced photodiodes (e.g. $1226 
and $1336) it is below 190nm. 

The cutoff wavelength is determined by the intrinsic 
material properties of the photodiode, but is also affected 
by the spectral transmittance of the window material. For 
borosilicate glass and plastic resin coating, wavelengths 
below approximately 300nm are absorbed. If these ma- 
terials are used as the window, the short wavelength 
sensitivity will appear to be lost. For wavelengths below 
300nm, photodiodes with fused silica windows are used. 
For measurements limited to the visible light region, a 
green filter is used as the light-receiving window. 

Figure 8 shows the spectral response characteristics 
for various photodiode types. The BQ type shown uses a 
fused silica window, the BK type a borosilicate glass 
window and the BR type a resin coated window. 


Figure 8: Spectral Response Characteristics 
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NOISE CHARACTERISTICS 


Like other types of light sensors, the lower limits of light 
detection for photodiodes are determined by the noise 
characteristics of the device. The photodiode noise in is 
the sum of the thermal noise (or Johnson noise) ij caused 
by the shunt resistance Rsh and the shot noise is resulting 


from the dark current and the photocurrent. 


in = Jij? + is? [A] (2) 


When a photodiode is used in an operational amplifier 
circuit such as that shown in Figure 5 (b), since the applied 
voltage is the operational amplifier’s input offset voltage 
only, the dark current may be ignored and in is given as 
follows. 


4kTB 
1 te (3) 


Where 

k: Boltzmann's constant 

T: Absolute temperature of the photodiode 
B: Noise bandwidth 


When a bias voltage is applied as in Figure 5 (a), there is 
always a dark current. For a bias voltage of 1 to 2 V or 
greater, is >> ij, so that in is given as follows. 


in = is = /2qldB [A] (4) 


Where 

q: Electron charge 
Id: Dark current 

B: Noise bandwidth 


With the application of incident light, IL exists and if IL 
>> 0.026/Rsh or IL >> ld, the above equations (3) and (4) 
are replaced by the following equation for shot noise. 


in = is = /2qILB (5) 


The amplitudes of these noise sources are each propor- 
tional to the square root of the measured bandwidth B, 
so that they are expressed in units of (A//Hz). 

The lower limit of light detection for a photodiode is 
usually expressed as the intensity of incident light required 
to generate a current equal to the noise current as ex- 
pressed in equations (3) or (4). Essentially this is the noise 
equivalent power (NEP). 


NEP = z [w/ /Az] (6) 
Where 
in: noise 


S: peak radiant sensitivity 


Figure 9 shows the relationship between NEP and dark 
current, from which can be seen the agreement with the 
theoretical relationship. The light detection limit for DC 
coupling as shown in Figure 5(b) is influenced by the 
amplifier’s thermal drift, low-frequency flicker noise and, 
as will be described later, gain peaking. Thus the limit is 
actually greater than the NEP. 

If the incident light can be periodically switched ON and 
OFF by some means and detection performed in syn- 
chronization with this switching frequency, it is possible 
to eliminate the influence of noise outside this measure- 
ment bandwidth (refer to Figure 10). This techinique can 
allow the actual measured detection limit to approach the 
detector’s theoretical NEP. 
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Figure 9: Relationship of NEP to Dark Current 
(S$1226-5Bk) 


Ta=25¢ 
i 
NEP= 
tow} S=O5AW 
THEORETICAL LINE 


NEP (WAZ) 


10" 


ns 
10-8 10-" 10-"' 107" 10-* 10°" 


DARK CURRENT at V,=10mvV (A) 


Figure 10: Synchronous Measurement Method 
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When compared with photodiodes not having an am- 
plification mechanism, avalanche photodiodes exhibit 
additional excessive noise components caused by vari- 
ations in the avalanche amplification process. Using the 
gain M and a light current IL and excessive noise factor 
F when M = 1 in equation (4) above, we have the following 
expression. 


in = /2qILM2FB 


In this expression, for M = 10 to 100, F may be approxi- 
mated as follows. 

F = M* 
The exponent x is known as the excessive noise index 
and is in the range of approximately 0.3 to 0.5. The ad- 
vantage to using an avalanche photodiode is the ability 
to use a small load resistance and a small input resistance 
in the following stage in comparison with normal photo- 
diodes. This enables not only an operating speed ad- 
vantage, but a reduction in thermal noise generated by 
the noise resistance as well, thus enabling detection of 
extremely small signals. For details, refer to the separate 
data sheet. 


REVERSE BIAS 


Since photodiodes generate a voltage by virtue of the 
photovoltaic effect, they can operate without the need of 
an external power supply. However, speed of response 
and linearity can be improved by the use of such an ex- 
ternal biasing source. It should be borne in mind that the 


signal current flowing in a photodiode circuit is determined 
by the number of photovoltaically generated electron-hole 
pairs and that the application of a bias voltage does not 
result in the loss of photoelectric conversion linearity. 

Figure 11 shows an example of a reverse bias con- 
nection. Figures 12 and 13 show the effects of bias voltage 
on rise time and linearity limits, respectively. While ap- 
plication of a reverse bias to a photodiode is very useful 
in improving response speed and linearity, it has the ac- 
companying disadvantage of increasing dark current and 
noise levels along with the danger of damaging the device 
by excessive applied reverse bias voltage. Thus, care is 
required to maintain the bias within the maximum ratings 
and to ensure that the cathode is maintained at a positive 
potential with respect to the anode. 

For use in applications such as optical communications 
and remote control which require high response speed, 
the PIN photodiode provides not only good response speed 
but excellent dark current and voltage resistance char- 
acteristics with bias applied. Figure 14 shows an example 
of the actual connection shown in Figure 11 (b) with a load 
resistance 50 Q. Theceramic capacitor C is used to enable 
a reduction of the bias supply impedance, while resistor 
R is used to protect the photodiode. This resistor is se- 
lected such that the voltage drop caused by the average 
photocurrent is sufficiently smaller than the bias voltage. 
Note that the photodiode and capacitor leads, coaxial 
cable and other wires carrying high-speed pulses should 
be kept as short as possible. 


Figure 11: Reverse Bias Connection Example 
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Figure 12: Rise Time vs. Bias Voltage 
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Figure 13: Linearity Limits 
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Figure 14: Connection to Coaxial Cable 
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RESPONSE SPEED 

The response speed of a photodiode is a measure of the 
time required for the accumulated charge to become an 
external current and is generally expressed as the rise 
time tr, fall time tf or out off frequency fc. tr is the time 
required to rise from 10% to 90% of the normal output 
value and is determined by the following factors. 

1) Time constant 71 determined by the terminal ca- 
pacitance of the photodiode Ct and the load resist- 
ance RL. 

(Ct is the sum of the package capacitance and the 
photodiode junction capacitance Cj) 

2) Diffusion time 72 of carriers generated outside the 
depletion layer. 

If the Ct x RL time constant 74 is the governing factor, tr 
is given as follows. 


tr = 2.271 = 2.2Ct x RL 


To shorten tr, the design must be such that either Ct or 
RL is made small. Cj is proportional to the light sensitive 
area A and inversely proportional to the second to third 
root of the resistivity 9 of the substrate material and re- 
verse bias Vr. 


Cj « AX(VR + 0.5) xp} ~4~-% 


Therefore, to achieve a fast response time, a photodiode 
with a small A and large p should be used with reverse 
bias applied. However, reverse bias also increases dark 
current so caution is necessary for low-light-level de- 
tection. The carriers generated outside the depletion layer 
occur when incident light misses the P-N junction and 
strikes the surrounding area of the photodiode chip and 
when this light is absorbed by the substrate section which 
is below the depletion area. The time 72 required for these 
carriers to diffuse may be greater than several us. When 


the C; x R, time constant is small, it is the major factor that 
determines the response speed. Figure 15 shows an ex- 
ample of the response waveform of a photodiode and the 
frequency response of a PIN photodiode. 


Figure 15 (a): Photodiode Response Waveform Example 
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In the case of a PIN or avalanche photodiode, Ct is 
particularly small. Also these types are designed for a low 
level of carrier generation outside the depletion region, 
thus suitable for high-speed light detection. 


Figure 15 (b): S2386-18K Response Waveform 
(Va =OV, R= 1 kQ) 
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Figure 15 (c): S2840 Frequency Response (Va =5V, Ry = 5022) 
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Figure 16: Rise Time vs. Load Resistance with Photosen- 
sitive Area as Parameter 
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TEMPERATURE CHARACTERISTICS 


Ambient temperature variations greatly effect photodiode 
sensitivity and dark current. The cause of this is variation 
in the light absorption coefficient which is temperature 
related. For long wavelengths, sensitivity increases with 
increasing temperature and this increase become prom- 
inent at wavelengths longer than the peak wavelength. 
For short wavelengths, it decreases. Since ultraviolet 
enhanced photodiodes are designed to have low ab- 
sorption in the short wavelength region, the temperature 
coefficient is extremely small at wavelengths shorter than 
the peak wavelength. Figure 17 shows examples of tem- 
perature coefficients of photodiodes sensitivity (Ish) for a 
variety of photodiodes types. 


Figure 17: Temperature Coefficient vs. Wavelength 
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The variation in dark current with respect to temper- 
ature occurs as a result of increasing temperatures 
causing electrons in the valence band to become excited, 
pulling them into the conduction band. A constant increase 
in dark current is shown with increasing temperature. 
Figure 18 indicates a two-fold increase in dark current for 
a temperature rise from 5°C to 10°C. This is equivalent to 
a reduction of the shunt resistance Rsh and a subsequent 
increase in thermal and shot noise. Figure 19 shows an 
example of the temperature charcteristics of open-circuit 
voltage Vop, indicating linearity with respect to temper- 
ature change. 


Figure 18: Dark Current Temperature Dependence 
(S2387) 
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Figure 19: Vop Temperature Dependence (S2387) 
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USE OF OPERATIONAL AMPLIFIERS 


1) Transimpedance Circuit 

Figure 20 shows a basic circuit connection of an opera- 
tional amplifier and a photodiode. The output voltage Vo 
from DC through the low-frequency region is 180 degrees 
out of phase from the input short circuit current. The 
feedback resistance Rf is determined by Ish and the re- 
quired output voltage Vo. If, however, Rf is made greater 
than the photodiodes internal resistance Rsh, the opera- 
tional amplifier’s input noise voltage and offset voltage 
will be multiplied by (Rt/Rsh+ 1). This is superimposed 
on the output voltage, and the operational amplifier’s bias 
current error (described later) will also increase. If there 
is an input capacitance, the feedback capacitance Cf 
prevents high-frequency oscillations and also forms a 
lowpass filter with a time constant Cf x Rf value. It should 
be chosen with regard to the desired transimpedance and 
bandwidth. If the input light is similar to a discharge spark, 
and it is desired to integrate the amount of light, Rf can 
be removed so that the operational amplifier and Cf act 
as an integrating circuit. 


Figure 20: Basic Photodiode Connection Example 


Rt 10MQ. 


Cj * S Rsh* 
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* Values commonly available. 


However, a switch is required to discharge Cf before the 
next integration. 


2) Bias Current 

Since the actual input impedance of an operational am- 
plifier is not infinite, there is some bias current that flows 
into or out of the input terminals. This may result in errors, 
depending upon the magnitude of the detected current. 
The bias current which flows in an FET input operational 
amplifier is sometimes lower than 0.1pA. Bipolar opera- 
tional amplifiers, however, have bias currents in the order 
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ee 


of several nA or even several hundred nA. However, the 
bias current of an FET operational amplifier generally 
increases two-fold for every increase of 10°C in temper- 
ature, whereas that of bipolar amplifiers decreases with 
increasing temperature. Therefore, the design of such 
circuits to operate at high temperatures should consider 
the use of bipolar amplifiers. 

As is the case for offset voltage, the error voltages at- 
tributable to the bias current can be adjusted by means 
of a potentiometer connected to the offset adjustment 
terminals. Futhermore, leakage currents on the PC board 
used to house the circuit may be greater than the opera- 
tional amplifier’s bias current. Consideration must be 
given to the circuit pattern’s design and its parts re- 
placement. Additionally, the use of Teflon terminals and 
guarding may be required. However, the operational 
amplifier chosen is of utmost importance. A list of re- 
commended FET and bipolar types is given on page 41. 


3) Gain Peaking 

The frequency response of a photodiode operational 
amplifier is determined by the time constant R¢ x Cr. 
However, for large values of junction capacitance (i.e., 
input capacitance) a phenomenon known as gain peaking 
will occur. Figure 21 shows an example of sucha frequency 
response, from which it can be seen that the output voltage 
increases sharply in the high frequency region, causing 
significant ringing in the output voltage response to pulsed 
light input. This gain operates in the same manner with 
respect to operational amplifier input noise and may result 
in abnormally high noise levels (see Photograph (c)). This 
occurs by virtue of the fact that the reactance of the input 
capacitance and that of the feedback capacitance on the 
operational amplifier circuit may jointly form an unstable 
amplifier with respect to input operational amplifier’s 
noise. In such a case, loss of measurement accuracy may 
result. 


Figure 21: Gain Peaking 
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(b) Light Pulse Response 
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(c) Frequency Characteristic of Noise Output 
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4) Gain Peaking Analysis and Elimination 

To achieve a wide frequency characteristic without gain 
peaking and ringing phenomena, it is necessary to select 
the optimum relationship between the photodiode, oper- 
ational amplifier, and feedback element. With the photo- 
diode, it is effective to reduce the junction capacitance 
Cj, explained in the section on response speed, in this case 
as well. With the operational amplifier, the higher the 
speed and the wider the bandwidth, the less the gain 
peaking occurs. However, if an adequate internal phase 
compensation is not provided, oscillation may be gener- 
ated as a result. As feedback elements, not only the re- 
sistance, but also the capacitance should be connected 
in parallele, as explained previously, in order to avoid gain 
peaking. The gain peaking phenomena can be explained 
as follows, using the circuit shown in Figure 20. As shown 
in Figure 22, for the low-frequency region ©, the circuit 
gain of the operational amplifier is determined simply by 
the resistance ratio of Rsh to Ri. 

Starting at the frequency t;=27cjRs, , gain increases 
with frequency as shown in region @, but peaking will not 
occur under the condition of Rk<Rsh. Next, at the fre- 
quency tz -omoRand above, the circuit gain of the opera- 
tional amplifier is determined by the ratio of Cj and Cy 
(region @). At the point where frequency fg intersects the 
open-loop gain frequency response at rolloff (6dB/octave) 
of the operational amplifier, region ® is entered. In this 
example, f;, fe, and fg correspond to 16Hz, 1.6kHz and 
100kHz respectively. If C; is made 1pF, fo shifts to fo’, and 
circuit gain increases further. What should be noted here 
is that, since the setting of circuit gain in region @ exceeds 
the open-loop gain curve, region @ actually does not exist. 


Cf=OpF 


As a result, ringing occurs in the pulsed light response 
of the operational amplifier circuit and instability results 
(see Figure 21). 


To summarize the above points: 


a)When designing R; and C;, fg should be set to a value 
such that region @ in Figure 22 exists. 


b)When f2 is positioned to the right of the open-loop gain 
line of the operational amplifier, change the operational 
amplifier which has high frequency at which the gain 
becomes 1 (unity gain bandwidth), and set region @. 


The above measures should prevent ringing. However, 
in the high-frequency region ®, circuit gain exists, and 
the input noise of the operational amplifier and feedback 
resistance noise are not reduced, but rather, depending 
on the circumstances, may even be amplified and ex- 
pressed as output. The following method can be used 
to prevent this situation. 


c) Replace a photodiode with a small Cj value. In the ex- 
ample shown in the figure, the ratio of Cj to C} should 
be close to 1. 


Using the above procedures, the S/N deterioration 
caused by ringing and gain peaking can usually be 
solved. In a separate method, connecting from several 
hundreds pF to several nF or more of load capacitance 
to the output of the operational amplifier, for example 
by connecting a coaxial cable of several meters or more 
and capacitor, can generate oscillation in some types 
of operational amplifiers, so the capacitance load must 
be set as small as possible. 


Figure 22: Graphical Representation of the Gain Peaking 
Phenomena 
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Reliability 

If used within the specified operating ratings, photodiodes 
will exhibit virtually no loss of sensitivity. A loss of sensi- 
tivity can often be attributed to package, lead or filter fai- 
lure. Package leakage at high temperatures and humidity, 
in particular, often causes a lowering of the shunt resist- 
ance. Therefore, ceramic case photodiodes have a so- 
mewhat limited temperature and humidity range. How- 
ever, metallic case types feature excellent resistance to 
ambient humidity. Photodiodes with filters are greatly af- 
fected by the inherent resistance of the filter to environ- 
mental conditions (refer to Figure 23 and 24). These factors 
must be taken into consideration when using and storing 


photodiodes. 


Hamamatsu photodiodes are subjected to reliability testing 
based on Japanese Industrial Standards (JIS), with consid- 
eration given to EIAJ (Japan Electronic Machinery Associ- 
ation), MIL (U.S. military) and IEC (International Electrical 
Standards Committee) standards as well. The basic appli- 
cable standards are listed below and in Table 2. 


JIS-C7021 (Environmental testing methods and 
endurance testing methods for discrete 
semiconductor devices) 

EIAJ-SD-121 (Environmental and life testing method 
for discrete semiconductor devices) 

MIL-STD-750B (Test methods for semiconductor de- 
vices) 

IEC-Pub. 68 (Basic environmental testing proce- 


dures) 


Table 2: Reliability Testing Table 


Tested Item 


Test Conditions 


Criteria 


Solder heat 
resistance 


260°C for 10s 


Deterioration in perform- 
ance 


Solderability 


230°C for 5s 


Application of solder 


Thermal shock 


100°C for 15s to 0°C for 5s 
(liquid), 5 cycles 


Deterioration in perform- 
ance 


Temperature 
cycling 


Tstg (Min.) to Tstg (Max.) 
(gas), 5 cycles 


Deterioration in perform- 
ance 


Temperature 
Thymidity cycling 


— 10°C to 65°C (90 to 98%), 
10 cycles 


Deterioration in perform- 
ance 


Hermetic 
sealing 


Helium gas test for minute leaks 
and bubble test for large leaks 


Hermetic sealing 


Shock 


100G for 6ms, XYZ directions, 
3 times each 


Mechanical and perform- 
ance changes 


Natural 
dropping 


From 75cm onto wooden 
board, 3 times 


Mechanical and perform- 
ance changes 


Vibration 


100 to 2000Hz, 20G, XYZ 
directions 


Mechanical and perform- 
ance changes 


Terminal 
strength 


Pulling up to 0.5kg for 5s; twist- 
ing 3 times, bending 2 times 


Terminal damage, etc. 


Salt water spray| 


35°C, 5% solution for 24 
hours 


Case corrosion, lead 
rusting 


= = 2 —_ 
107 7 To" 
FREQUENCY (Hz) 


Continuous 
operation 


Room temperature and Topr 
(Max.) 


Deterioration in perform- 
ance 


Pressure 
cooker test 


421°C (100%, 85%) and other 
conditions 


Deterioration in perform- 
ance 


Anti-solvent 


Isopropyl alcohol, trichloro- 
ethylene, acetone, etc. 


Changes in marking and 
painting 


High-temper- 
ature storage 


Tstg (Max.) 


Deterioration in perform- 
ance 


Resistance to 
humidity 


40°C/95%, 60°C/95%, 
85°C/85% 


Deterioration in perform- 
ance 


Low-temper- 


ature storage 


Tstg (Min.) 


Deterioration in perform- 
ance 
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Figure 23: High-Temperature/Humidity Storage Testing 
Example 
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Figure 24: High-Temperature Operation Testing Example 
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Precautions for Use 
@ Window 
Care should be taken not to touch the window with the 
bare hands, especially in the case of UV detection since 
foreign materials on the window can seriously affect 
transmittance in the UV range. 

Ethyl alcohol should be used to clean the light window. 
Other type cleansing agents could cause deterioration of 
the device's resin coating or filter and should be avoided. 


cE 


Lightly wipe dirt off the 
window using ethyl! alcohol. 


®@ Soldering 

Since photodiodes are susceptible to damage from excess 
heat, care must be given to temperature and dwell time 
when soldering such devices. As a rule, metai case de- 
vices should be soldered at 260°C or below within 10 
seconds and ceramic case devices at 260°C or below 
within 5 seconds. For soldering small devices, some form 
of heat sinking such as the use of a pair of tweezers to 
hold the device leads while soldering is also recom- 
mended. 


Mount ceramic case types Use tweezers, etc. asa 
5mm minimum away from heatsink when soldering 
any surface and solder at small photodiodes. 
260°C maximum for 5 

seconds maximum time. 


Maximum |Maximum) 
Soldering |Soldering 
Temperature} Time 
(PC) (s) 
Metal Case 260 


Package 


Ceramic Case 260 


5 mm or more removed 


Plastic Case 


(Molded Package) 260 2mm or more removed 


@ Lead Handling 

Care should be taken to keep within the recommended 
mechanical limits: 0.5 kg pulling strain for 5 seconds 
maximum, two 90°C bends and three twists of the device 
leads at 6mm minimum away from the body. 


Reference 
@ Physical Constants 


Value. 
1.602 x 10-19 
2.998 x 10° 


Constant 
Electron Charge 
Speed of Light in Vacuum 
Planck's Constant 6.626 x 10-4 
Boltzmann's Constant 1.381 x 10728 
Room Temperature Thermal 0.0259 
Energy 
teV Energy 1.602 x 107 "9 
Wavelength in Vacuum 1240 
Corresponding to 1eV (1.240) 
Dielectric Constant of 
Vacuum 
Dielectric Constant of 
Silicon 
Dielectric Constant of 
Silicon Oxide 


8.854 x 10° 


approx. 12 


approx. 14 


approx. 1.12 
(Ta = 25°C) 


Energy Gap of Silicon 


@ Unit Conversion Table for IIlluminance 


1 9.290 x 10-2 
1.000 x 10¢ 9.290 x 10? 5.0 x 107? 
1.076 x 10' | 1.076 x 107% 1 5.4.x 1075 

2.0 x 10° 2.0 x 10" 1.9 x 10* 1 


* Total irradiance (measured value) by the CIE standard light 
source “A”. 


Warranty 


As a general rule Hamamatsu photodiodes are war- 
ranted for one year after delivery. The warranty is limited 


to replacement of the faulty device. It does not cover 
cases of operational failure caused by accident or misuse 
of the devices. 
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Silicon Photodiodes (UV to Visible Light, for Precision Photometry 


TONB 141. 
scaled (zl 320~1000 | 


190~1000 | 
320~1000 744 | 
190~1000 
320~1000 | 
190~1000 | 
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§.8x5.8 
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320~1000 
190~1000 
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190~1000 
320~1000 
190~1000 
320~1000 | 
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® See pages 34 to 37. 
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Silicon Photodiodes (UV to IR, for Precision Photometry) 


$1336 Series (Metal Case) 
$1336-18BQ 
f =18BK 


Characteristics (25°C) 
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@ Window materials are 
K: Borosilicate glass 
Q: Fused silica 
R: Resin coating 


(® See pages 34 to 37. 
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Silicon Photodiodes (Visible Light to IR, for Precision Photometry) 


Characteristics (25°C) 
| | mY Typical Radian Sensitivity (A/W) Per a 

| i ¢ : Me 
TypeNo. | Out | Package Size | lfectve | Range | Wave. Peak | Sé0nm | 633nm | 930nm ____ Ish. 100 lux 


length | Wave-' GaP | He-Ne | GaAs | Min. Typ. 
LED Laser LED | (A) (uA) 


[ehokserrst@y> Surtane i Seeentc Seapine 


(nm) length 


TO-8 11x14 


| 24x24 | 57 
Tos | 36x36 | 13 | 
39x46 | 17.9 


58x58 | 33 


$2387 Series (Ceramic Case) 
$2387-16R [27x15 
= | 6x7.6 320~1100 

-66R 8.9101 

-1010R 15X16.5 
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Characteristics (at 25°C) 


Shunt Resistance, Rsh 


Junction 
Capaci- 
tance, Cj 


li ee ii 


ty 
V_ = OV 
Ry = 1k 
Typ. 
(us) 


0.4 


NEP 
Typ. 
| (WiH2"2) 


68x10" 


1.8 


9.610" | 


3.6 


5.5 


1.810% | 
1.36 x10 
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Silicon Photodiodes (visible Light/Visible Light to IR Photometry) 


Spectral Response Characteristics (25°C) 
Typical Radiant Sensitivity (A/W) 


Features 


$1087-01 For visible light to near IR 
$1087 | For visible light 
$1087-03 | For visible light. fast response 
Chip carrier type, tor visible ight to near iF |320~1100/A 
Chip carrier type,visible light cutoff type : 700~1100/C 
$1133-01 For visible light to near IR 
S$33-11 For visible light 10 near IR, tast response 
S133 For visible light 

$1133-03 For visible light, fast response 
$1133-02 _ | For visible light, high sensitivity 
$1133-12 For visible light. hgh sensitivity, nigh speed | 
$1133-14 ag io near IR, hgh speed, low 320~1060/D| 
S1133-05 _| For visible light, high-speed , low IR ratio 320~730/B 
S1787-08 _| For visible light to near IR, SIP case 320~1100/A 
$1787-04 For visible light to near IR, SIP case 
$1787-06 For visible light, fast response, SIP case 
S1787-05 _ For visible light, SIP case 
$1787-07 | Fox vale iit. Tigh speed, high sensinvay. SP 
s4on For visible light. compact epoxy mois <-pin DIP @/V | 13x13 
$2833 | For visible light, epoxy mold 4-pin DIP @/V 24x28 | 


320~1100/A 


320~730/B 


820~840/B 


320~730/B 


320~840/B 


(Typ. at 25°C) 


200 400 600 800 1000 
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@®See pages 34 to 37 for outlines. 
Window materials are 
R: Resin coating Baa 
V: Visible compensating filter 
F: Visible light cutoff filter 
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Dark Gems: Shunt a nein Roake Temperature Range 
4 ov V,=0V | Voltage , Type No. 
“te Vv one = a = 0 5 Veins Operating | Storage 
aEAR Ar oF) nie BB 20 Dees es ie 
10 4 200 . . —_— 
1.12 faba 10 —10~+60 —20~+70, S1087 
20 2 10 60 0.2 $1087-03 
$2164 
10 142 30 . —10~+ —20~+ 
4 200 0.5 10 10~ +60 | —-20~+70 a50840 
= mee | aaa 10 4 30 700 2.5 $1133-01 
20 2 10 200 0.5 S1133-11 
0.54 10 4 700 25 Sti33 
10 = -}—— -0.01 -—— t 
0.50 | 20 1412 2 10 200 0.5 10 —10~ +60 | —20~+70] S1133-03 
ma 0.85 | -0.02 10 4 30 700 2.5 $1133-02 
| 0.78 | —0.01 | $1133-12 
= 3.2 +04 20 2 10 200 0.5 $1133-14 
8 0.50 | —0.02 - $1133-05 
- 5.5 +01 $1787-08 
A 0.54 | -0.01 bs . | ee Use ee $1787-04 
0.50 | —0.02 20 112 2 10 | _-200 10 —10~+60 | —20~+70| S1787-06 
a 085 | -0.01 10 4 30 700 $1787-05 
0.78 | —0.02 20 2 10 200 $1787-07 
0.25 200 s4on 
——_—_I — 2 —10~+ I~ + 
10 an 0.01 10 | 11 4 30 00 10 10~+60 | —-20~+70 52535 
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pd Nore 
=< e. 
5 Se 
os PB 

5S 

aes a 
5 

10" 

10°} 

10° 

=—2 +20 +40 +60 +80 


AMBIENT TEMPERATURE (°C) 


DARK CURRENT (A) 


REVERSE VOLTAGE (Vv) 


© Linearity (Representative Example) 
(Typ. at 25°C) 


OUTPUT CURRENT (A) 


70-7 10° 10? to" 40" 108 
RADIANT FLUX(W) 
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PIN Silicon Photodiodes (1) 


_ Characteristics (at 25°C) 


Short Circuit q 
ad my Ty. Mandal Current 


633nm | 930nm | Is “te vg lux 
He-Ne | GaAs 
Laser LED 


fs 
0.42 0.55 
Utrahigh speed response, | 1 TO-18 ¢ 0.4 . | kms al | | 01 | ©. | 


| acta (3 pin) | o2.03 120. 0.42 0.32 eee 
¢08 | O05 | | i 2 é 0.30 


o/K 
High-speed response, lens Te| T 
window. 


High-speed response o/K “Spin W1x44 

| Low capacitance, lens window @/L| TO-18 

*] S1190-13 | s1190-04 3-pin case O/L| He 
$1223 2.4 x 2.8mm sensitive area 
$1223-01 | 3.6 x 3.6mm sensitive area 
$2506 Visite light att epoxy mold 700~1100 960 f i y | 


ee. oe 
$2506-01_|fighimmuninteambiont” | @/ny| EPOY |977x2.77/ 7.7 | 840~1100| 980 


$2506-02 Clear epoxy mold 320~-1100 | 960 


| @/K 320~1100 960 


© Spectral Response a 
(Representative Example) 


(Typ. 2 2s) 


RADIANT SENSITVITY (AW) 
° § 
a 


200 400 500 B00 7000 
WAVELENGTH (nm) 


See page 34 to 37 for outlines. 
Window materials are 
K: Borosilicate glass 
L: Lens type borosilicate glass 
F: Visible light cutoff filter 
M: Epoxy mold 


© Temperature Characteristic of Ish 


* mark indicates newly listed products. 


TEMPERATURE COEFFICIENT (% “C) 


‘200 400 00 800 ~—~—«1000 
WAVELENGTH iam) 


22 


Characteristos (at 25°C) 
we 0 ! io 
Depend- issi Type No. 
Typ. ! ! . ! . Storage 
(W/Hz‘*) (°C) 
3 40, 0 X10" 
15 50. 


$2216-02 
$2839 


2.0x10"* 
(Va =10 V) 


—55~ +100 


20 9.9x«10"° 


(Va =10V) | (VR =10 Vy 


—55~ +100 


| —40~+100 
"=40~+80 
=40~+100 


(Va =12 V) : (Va =12 V) 


Dark Current vs. Reverse Voltage e Junction Capacitance vs. Reverse Voltage 
10°" 7 (Typ. at25°c) 1000, (Typ. at f= !Mz. 25°C} 
Oo + s = 
; 8 
z | | Pm 
ici | 1 Fi 2 
z 0 1223-01 = 
g 10 $2216 g 
‘“ $2216 5 
2 
10" $1190 I =} 
t 
| | 
~l EHH 
10-7 10" 10° 10' 107 
REVERSE VOLTAGE (V) 
© Dark Current vs. Temperature © Directivity 


20° 10° O° 10° 20° 


$2506,-01,-02 
{EPOXY MOLD}} 30° 


= 40" 
=i 
5 
Ff 
2 
= 
3 50" 50° 
g 
S 60" 60° 
70° 70° 
80" 180° 
-" Z 90° j90" 
-20 ° 720.740 +60 +80 60% 40% 20% 0 20% 40% 60% 


AMBIENT TEMPERATURE ('C} RELATIVE SENSITIVITY 


PIN Silicon Photodiodes (2) 


Characteristics (at 25°C) 


~ | Radiant Sent Tyo. ( 


Wave- 
length | Laser 


|_51__|320~1060| 920 | 06 | 04 
7.0 |320~1060] 920 | 06 | 0.44 


4.1mm dia. sensitive area, 0.4 


for visible to IR | —t 
Gifec silica, window, high a 190~1100 0.5 0.38 


sensitiv 


5.0mm dia. sensitive area, 


$1863-01 for visible to IR 


81723-04. | [04 lon sansiive ares, 
$1723-08 Wits ‘substrate version of /R wecopee 


$1723-06 Ee 08 jails het ot 
S1723-05._| ree sicawndow.high 190~1100 | 


## Other PIN photodiodes with various sensitive area sizes (10x20, 18x18, 28x28 mm etc.) are also available. 


© Spectral Response 


RADIANT SENSITVITY (AW) 


WAVELENGTH (nm) 


ay 7 
@ See pages 34 to 37 for outlines. © Ternperature Characteristic of Ish 


Window materials are 
K: Borosilicate glass 
Q: Fused silica 
R: Resin coating 


* mark indicates newly listed products. 


TEMPERATURE COEFFICIENT (% °C) 


600 B00 
WAVELENGTH (nm) 


DARK CURRENT (A) 


DARK CURRENT (A) 


aa 1.15 


Characteristics (at 25°C) 


NEP 
Typ. 
(W/Hz"2) 


16x10 '* 
Vr =24 V) 


7.3x10" 


70 39 
(VR =30 V) | (VR =30 V) 


(VR =100 V) 


3.8 x10“ 


(Va =30 V) 


50 


© Dark Current vs. Reverse Voltage 


AMBIENT TEMPERATURE (’C) 


oF (Typ. at 25°C) 
Bese == 
107° {+ i ee 
10° §1723-04, -06, -08. 
i 
'gg07t, sie Ol 
. 
Siro, Sa0re EHH 
10-" 4 
<i ‘fl 
e 10°? 10" 10° 10° 10° 
REVERSE VOLTAGE (V) 
© Dark Current vs. Temperature 
e (Typ) 
10 
10° 
10°° — 
10°” o 
meet amare 
S 
10° ‘BS Lian 
ee AR 
sin’ eee 
Day 
SIE 
10° es 
10" 
10°" 
3 ) +20 +40 +60 +80 


Maximum Ratings = ah 
Power Temperature Range 
Dissipation a : 
P max. Operating 
(mW) (eC) 


13X10 ¥, 100 50 —20~+60 | —55~+100| S1721 


50 —20~+60 | —55~+100 | $3072 


50 —20~+60 | —55~ +100 


50 | —20~+60 | —55~ +100 


100 —20~+60 | —20~+80 


—20~+60 | -20~+80 


$1722-01 
| $1722-02 
$3071 
$1723-04 
| $1723-08 
[ $1723-06 
$1723-05 


$2551-01 


e Junction Capacitance vs. Reverse Voltage 


(Typ. at f=1MHz, 25°C) 


1000 —— 
['S7>. 
"2. 
ir 04 rl 
7 5: 
8; 
$ 100 207. 
2 [x7 
5 8071 
< $3070 
g aa 
3 
Z - 
fe} Si72; 
5 10 
Zz 
5 
3 
1 
107" 10° 10° 10? 
REVERSE VOLTAGE (V) 
© Linearity 
(Typ. at 25°C) 
10°°——> 
2856K 
FULL ILLUMINATION R=kaQ 
10~ 5 
1OkQ 
40-4 - 100kQ: 
< 
5 10-4 T 
a 
& 
5 10-4 
3 
5 
=z 10-” 
5 
fo} 4 
10-7 
4 
10-“ 42 REFER TONEP values |__| _1 
Z t 
10-6 4 
10-* 10-* 10-* 10°" 10-* 10-* 10-* 10-7 10° 


RADIANT FLUX(W) 
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GaAsP Photodiodes 


Photosensitive Surface Spectral Response 


Characteristics (25°C) 


Typical Radiant Sensitivity (AW) 


Short Circuit Current 


Peak 560nm | 633nm 
Wave- GaP He-Ne 
length LED Laser 


Ish, 100 lux 


TO-18 
TO-5 
TO-8 
5x6 

8.9 X10.1 

TO-18 

Epoxy mold 


TO-18 
TO-5 
TO-8 
5x6 

8.9X101 

TO-8 


400~760 


© Spectral Response 
06 


° 
a 


EXTENDED RED 
SENSITIVITY TYPE 


° 
B 


* 
ri 
Toll fe 


bol 


ISIBLE LIGHT 


° 
i 


RADIANT SENSITVITY (A/W) 
2 
@ 


on 


a 
} 


C) 
200° 300 +400 +500 600 700 800 
WAVELENGTH (nm) 


@® See pages 34 to 37 for outlines. 
Window materials are 
K: Borosilicate glass +15>——- 


© Temperature Characteristic of Ish 


L: Lens type borosilicate glass _ 
; : fs) 
R: Resin coating : +a : 
M: Epoxy mold 5 FOR VISIBLE LIGHT 
8 +05) 
* mark indicates newly listed products. E 
go 
z 
2 EXTENDED RED. @ 
< -05 SENSITIVITY TYPE 
ri] 
2 
= 
# -10 
15) 


= 
200 300° 400 =~500 600 700 800 
WAVELENGTH (nm) 


Characteristics (25°C) 


Dark Current, Id 


(W/Hz"?) 


15x10 


2.510% —20~ +80 


3.5x10° 


15x10" 


—20~+70 


3.5x10"° 


1.5x10% —20~ +80 


1.510 —20~+70 | —30~+80 


2.0x10* 


3.2x10% —20~ +80 


4.510" 


2.0x10"° 


—20~+70 


45x10" 


© Response Time vs. Load Resistance 


(Typ. at Va=OV, 25°C) 


am: 


10-9 
@ 10- os 
i: SAS 
a SZ 
= 
mn y x 
2 t0o--- co 
x fos $ 

K\ 
10-8 - 
+ 
10-7 ! LI 
10? 108 10" 10* 10° 


LOAD RESISTANCE (0) 


© Shunt Resistance vs. Temperature 


10", 


(Typ. at Va=10mV) 


to" 


10° 


3 


SHUNT RESISTANCE (22) 


= = 
See aing fad 
6 Spree S306 >| —| 
Reg era 
ZI 
Gi = 
737 28N 
97, 677420 a 
a 
o $20 440 Fe —F80 


AMBIENT TEMPERATURE (°C) 


2.0x10° —20~+80 


Dark Current vs. Reverse Voltage 


DARK CURRENT (A) 


Li 


OUTPUT CURRENT (A) 


). at 25°C) 
‘= cs A 
3 | 
10° = 
ee : at 
re a ee a 
awe ai a 
a m4 308" 
oe a ie Gare: 
10 %.GN= — 
Ae vs 
iS) 518 | 
GAS Bal 
21 
oa a a 
10-2 10-7 10-" 10! 10" 
REVERSE VOLTAGE (V) 
nearity 
(Typ. at 25°C) 
10° 
2856K 
FULL ILLUMINATION 
10-7 
10-4] 
10-* 
10-8} 
10-"9) 
10-"| 
10-" 
REFER TO NEP VALUES 
10-*| 


10-* 10" 10-? 10-" 10-8 w-* 10-* 10-7 10° 
RADIANT FLUX(W) 
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GaAsP Photodiodes 


Photosensitive Surface | Spectral Response Characteristics (25°C) _ 
| at 
Peak |__ lybical Radiant Sensitivity (AW) | 
Effective; Range  § wWave- | 
| 560nm | 633nm ara 
| Area length 254nm GaP Typ 


(nm) (nm) LED (WA) 


G1125-02 

G1126-02 

Gi127-02 
“G29 


0.18 


190~760 


© Spectral Response 
03 
0.25 EXTENDED RED. 
SENSITIVITY TYPE 
= 
S92) 
= FOR ULTRAVIOLET 
z= TO VISIBLE LIGHT 
pa 0.15 
a 
: q 
ra 
z 
= 01 
ra} 
< 
é 
0.05 
r | 0 
a 200° 300-400 500600700800 


WAVELENGTH (nm) 
@® See pages 34 to 37 for outlines. 


Window material is 
Q: Fused silica eae 


e Temperature Characteristic of Ish 


+1.0) 


FOR ULTRAVIOLET 
TO VISIBLE LIGHT 


EXTENDED RED 


SENSITIVITY TYPE € 


200° -300~=«400.~=«#S00 600 700 800 
WAVELENGTH (am) 


TEMPERATURE COEFFICIENT (% /°C) 


45x10" 


5.8x10"° 


8.0x10"° 


2.710" 


48x10 


65x10" 


© Response Time vs. Load Resistance 
(Typ. at Va=OV, 25°C) 


RISE TIME (S) 


LOAD RESISTANCE (£2) 


i} 
10° 10° 


© Shunt Resistance vs. Temperature 
(Typ. at Va=10mV) 


ro} 
3 


4 
il 


SHUNT RESISTANCE (62) 


| 


+60 +80 
AMBIENT TEMPERATURE ( C) 


1.2x10" 


—20~+70 


—10~ +60 


© Dark Current vs. Reverse Voltage 


10-3 (Typ. at 25°C) 
10-9 "| 
=< 
5 10- 4 
w oe 
Es | 
2 v 
< 10-" ot 
© Gare 
6 RSS +745) 
Se 
10-4 Gee 
G22 
=| 
‘0 10> 10-' 10° 10' 
REVERSE VOLTAGE (V) 
© Linearity 
ws (Typ. at 25°C) 
2856K 
FULL ILLUMINATION 
10-7 = came | 
10-* 
< 
5 
a 10-* 
Fd 
© 
B 10-4 
E 
5 
= 
50 
ce} 


10-* 10" 


10% 10-8 
RADIANT FLUX(W) 


30 


GaP Photodiodes 
CC EE 


® | Photosensitive Surface Spectral Response _ Characteristics (25°C) 
bi ee : ess sie Boe 
Outilines i Peak __TyPical Radiant Sensitivity (AW) Short Circuit Current « 
Package Size Effective, Range = Wave. | Peak Ish.1000 lux 
IRIE 1 Pika | length | Wave- | 254nm | 400nm roe oe 
; i eal b ; 
Materials | an fy fo (nm) | (am) length | Hg-Line 


Schottky Type 


190~550 440 


© Spectral Response 


at 25% 
o2 (Typ. at 25°C) 


2 
a 


RADIANT SENSITVITY (A/W) 
° 


° 
3S 
a 


oO 
200 300 400 500 600 700 800 
WAVELENGTH (nm) 


@® See pages 34 to 37 for outlines. 
Window material is 
Q: Fused silica hal 


© Temperature Characteristic of Ish 


TEMPERATURE COEFFICIENT (% /°C) 


200° 300—~—=«400.—'*—«=<“SC‘iRSC“‘«*iSC« OO 
WAVELENGTH (nm) 


Absolute Maximum Ratings _ 


Beg ae hee 
ure et 

Z ee Z Pek sien Typ woes Operating Storage 
(Times/’C) ) (W/H2"?) (°C) 


5.4 x10 
7.610" —20~+70 


11x10" 


© Response Time vs. Load Resistance © Dark Current vs. Reverse Voltage 
i6:4,— (Typ. at Va=OV, 25°C) Jo-¢ (Typ. at 25°C) 
10-3] 10~9| + — 
at z 
Bgl oe Atti} | | 5 0-4 
g = AS - =< =| a = et there 
= “| ge OF 
y co t 3 
2 | f 
- ao i ==: oe 
} = fal ch Geer, 
alma IB P| G08! 
aaa 
He =H == 
i is 
a a 1 a a) wee 
10? 10% 108 10° 10° 10°* 10°? 10"! 10° 10" 
LOAD RESISTANCE ({2) REVERSE VOLTAGE (V) 
© Shunt Resistance vs. Temperature © Linearity aipeat ds0) 
yp. at 25% 


(Typ. at mV) nah, T T T 
== = 2856K 

FULL ILLUMINATION | 
10-7 = Ri=100Q 


sed on Ee es 
a = 
i = 
4 § 0 
g # 
z & 
z 5 
5 3 
5 
z z 
5 pT” — 
2 ° 
2 
5 


- REFER TO NEP VALUES 

10° a EE [ae be i 10 

—20 0 +20 +40 = +6080 10-8 10-* 107% 10- 40-8 4O-© 40-* 10-* 10° 
AMBIENT TEMPERATURE (°C) RADIANT FLUX(W) 
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Silicon Avalanche Photodiodes (APD) 


® 


Characteristics (at 25°C) 


| Outilines 
ae 


Window 
Materials 


@ See pages 34 to 37 for outlines. 
Window material is 
K: Borosilicate glass 


(® Measured at the gain 
indicated in the characteristics 
table. 


400~1000 


Quantum Efficiency | Breakdown Voltage, Vip 
. la= 100A 


S/N RATIO CONSIDERATION 


The silicon avalanche photodiode has an internal gain 
mechanism. It can amplify a small signal to over the 
thermal noise level, thus producing a high S/N ratio. 
However, when the signal is amplified, the inherent excess 
noise caused by current fluctuation in the multiplication 
process is also generated. This noise current of an ava- 
lanche photodiode can be represented by the following 
equation; 


Noise current = /2qloM?FB 
(F = M* in the range of M = 10 to 100) 


Where F is excess noise factor, M is gain, lo is photocurrent 
at M = 1, q is electronic charge, B is bandwidth and x is 
excess noise index. 

The figure at the right shows the relationship between 
output and gain. It is clear that the optimum gain exists 
in the region where the shot noise is equal to the thermal 
noise. 


e Output vs. Gain 


SHOT _. f5 a+r 
= /2ql.M?** BeRi 
o NOISE qe in 


(S/N)max. 


OUTPUT 


= THERMAL VaFampKTB-Rin 


\ 10 # 100 GAIN 


Famp : Noise index of next-stage amplifier 


Rin: Input resistance for next-stage amplifier 
K : Boltzmann's constant 
T _: Absolute temperature 


© Spectral Response (S2381, M=1) 
(Typ. at 25°C) 


0.7, 


od ue : _ Characteristics (25°C) Maximum Ratings 
Dark Current. @ | Junction) Ss enye| Excess Noise Index x | Gain Ambient Storage 
: Capacitance | Tf M Operating | Temperature 
ny Max. Wiss Typ. Max. 4=800 | Temperature | ~ Range 
ye. 
(na) (MHz) (°C) (°C) 


—55~ +100 


® Photocurrent vs. Reverse Voltage ($2381) 


107 


107 


(Enlarged Graph) 


0.6 


05+ 


04 


03 


0.2| 


RADIANT SENSITIVITY (A/W) 


PHOTOCURRENT (A) 
3 


O41 


a 
200 400 600 


800 


WAVELENGTH (nm) 


© Gain/Dark Current vs. Reverse Voltage (S2381) 


500 


100, 


1000 


10-" 


0 50 


REVERSE VOLTAGE (V) 


150 


10% 


; 
} | | 
| | ° 
if a 107 3 
i a tr Fo 
1 Z = i 
| z PFs 
| ec & 
4 Zz a 
S\, 
= 5 10 SP, 
Oo 
is) 
2 
° 
x 
. = 
10°) 
10° 
1 10 100 000 175 15190 198 200205 


( 


REVERSE VOLTAGE (V) 


© Noise vs. Gain (S2381) 


at 25°C, f= 10 kHz, RL= 100 kO, B= 963 Hz ) 


2 =800NM, 1O= 1 yA, VB=90 V 


DARK CURRENT (A) 
NOISE (a8V/2) 


GAIN 


REVERSE VOLTAGE (V) 
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Dimensional Outlines 


Unit: mm 


@ S1226-18BQ etc. 


@ S2386-18L etc. 


® S1190-01 


» $5.440,2 = 95.4402 
$4.7+01 pare > 2 
—— $4.7401 
winnow! 8] 3 = z 
SENSITIVE ose a a a 
sunrace ff} 2S | 
pa ot eg 7 
Pe at : Al 3 
~ fo] oO 2 
at ° 3 ' < 
= | Zz | 
#046 | 8 $0.45 8 ill 5 
LEAD | LEAD, tao 
i = = = | q 
2540.2 2540.2 
=a peng 
1 | 
CASE 
COMMON COMMON 
+10 _TO CASE %, mic) a, 
(-)LEAD COMMON 
TO CASE o—+¢—o o—t¢—-0 
[oO $2216-01 etc. | © sti90-13 @ $2381,S2382,S2383 
poeo2 $5.440.2 2 P84E02 
4.74041 Tr 2 
a 4.7201 bat OO ace 
sensrive_[psorrod 3 3 || iz 4 WinDow 3 | 
= (3.0201 
sear ey ry 8 8 Van seme t 
| i URFACE TAI || 
@ cc ae | ie =r =s 
4 a| | Py & | 
q Zo ——— es \ [+ ~S c | 
Sy ; t 
= i} { q = 
= Zz tid = 
the All| ‘ 40.45 8 | 8 
LEAD ee | H | 
ee — 3 SY 1 
Renoir. 250.2 
ah om 
& 
COMMON 
TO CASE GASE 
x x 
otte}o otto 
[o $1226-5BQ etc. | | © $1721,83072 | [oO $2384 | 
sensitive p.£22#02 SENSITIVE p./22t02. SENSITIVE eee 
‘SURFACE fez ‘SURFACE Pyeiro2 SURFACE 481402 
winpow || § WINDOW a winoow|| S| 
a # 45.9401]! Fi] Hi 
IN HIE, % CTL § 


—P g 
5140.2 
COMMON 
TO CASE 


3072 


18402 


Unit: mm 


[ @ s1226-8B0 etc. 


| @® $1722, S3071etc. 


] [ ® sis63-01 


sensitive fi49=0. 
SURFACE [5 


2 
hh a 
WINDOW] | 3 


#10.8-0.}| tH) H 
1 || %3, 


$14.040.2 
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WINDOW! 
10.8+0.1 
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SURFACE 


4.9402 


15.2402 
wos02_| 
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SURFACE 3] 


ae IM 
3 Zz 
3 | 
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7840.2 | = 
RED MARK RED MARK 
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TOCASE | size [ s3071_ | 
ies voz [22 0a| 
® $2385 | | @® $1227-16BQ etc. @® S1227-16BR etc. 
sensitive #140402 2-405 2-405 
SURFACE | 12.4402 & te ie 
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SURFACE _/ 


18403 


= = 
135403 
ir 225] 
22, 
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Le 
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@® $1227-66BR etc. 


@ $1227-1010B0Q etc. 


@ S1227-1010BR etc. 


101403 165203 ; 
SENSITIVE SENSITIVE " 
SURFACE le es SURFACE ! — SENSIIVE , 
8} a 
rk a = ¢ + < 
e 2 
n) SENSITIVE # SeenE 
| SEE |e 3) SNSTNE BL SuREACE 
3 Tk 2 otf 8. 
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I “a =i a 
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' i / 90.5 LEAD 
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92409 
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| i 7 
ar 3 A | 145203 15+03 
8 ah $i lo —+ w 
| EI | 8 16+0.3 16.5+0.3 
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4 
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] 
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/ 
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i| 
\ 
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\ 
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| | 
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i | 
r ar 


T5z02 


|e $1133, $1133-03 etc. 


| [@ $1787 Series 


(-) 
LEAD MARK 


sensitve 
AREA 


()TERMINAL 


[os 
(TERMINAL 
ar SOLDERING PART 


Fe NS 
NS 


| @ S2506 Series 


| | @® s4on 


O2MAX, 2740.2 


ENTER 
OF CHIP 
3 8 
a 


0.25 


PIN CONNECTION 


NC 


CATHODE 
4. 

ANODE 
CATHODE 


@|O/O|O 


@ $2833, G2711 


| [@ s2551,S2551-01 


$2833 G27 


4140.2 
[INCLUDING BURR 
agto4 | 


tt 
138403 


FILTER (S2633)_ 


SENSITIVE SURFACE PIN CONNECTION 


8 : @® [ne 
S = =a =e @ | CATHODE 
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+ The spacings of the leads in the figures are indicated as center-to-center dimensions. The photograph shows a typical type. 
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Specially Designed Photodiodes and Related Devices 


In addition to the many devices described in this catalog, Hamamatsu is able to produce a variety of special devices 
such as photodiodes with operational amplifiers, thermoelectrically-cooled photodiodes, and linear or area arrays 
with specifications and configurations to match your specific requirements. Please contact us about such requirements. 
The following devices show examples of our capability. 


®@ Multi-Element Photodiodes 


Sensitive Area Spectral Response 


Type No. No. of Elements Package Main Use 


(mm) (nm) 
$1446 190 ~ 1100 Double beam 
2.84 dia. 2 190 ~ 1000 3-pin TO-8 ehetoruter 
G1964 (GaAsP) 190 ~ 680 
$994-13 1.45 x 1.45 2x2 320 ~ 1000 10-pin TO-5 Position detection 
$1557 1 dia. (quadrant) 4 L 320 ~ 1060 5-pin TO-18 | 
$1557-01 1 dia. (quadrant) 4 320 ~ 1060 Ceramic case (5-pin) CD and optical 
$1651 0.30 x 0.60 2x2 320 ~ 1060 5-pin TO-18 ser eaidelaction 
0.30 x 0.60 2x2 320 ~ 1060 Ceramic case (5-pin) 
17x28 2x2 320 ~ 1060 5-pin TO-18 Position detection 
4 segmented 4 320 ~ 1060 Epoxy mold, 8-pin DIP type For CD and optical 
6 segmented 6 320 ~ 1060 Epoxy mold, 8-pin DIP type _ | 48K 


= 
Sensitive Area Spectral Peak 
AOE (mm) es Wavelength Package 
$1406-03 24x24 190 ~ 1100 960 
$1406-04 24x24 320 ~ 1100 960 10-pin TO-5 : 
$1406-05 24x24 190 ~ 1000 720 (Input window : 3mm dia.) 
06-06 24x24 320 ~ 1000 720 
27x27 300 ~ 680 610 
®PIN Photodiode/Pre-amp Devices 
aie Response Response at Cut-off 
Sensitive Area 
Type No. Wavelength Rang 820 nm Frequency | Package & S2856, S2802 (f tical disk: 
(mm) isan} (mv/ WV) (MHz) (for optical disks) 
a 0.8 di 320 ~ 1060 | 16.5 a S-pin TO-18 
= .8 dia. ~ . -pin TO- 
$2858-01 25 


®Thermoelectrically-Cooled Photodiodes 


Spectral Cooling 
Response 


Sensitive Area Wavelength | Temperature AT 
(nm) (eC) 


(mm) 


2.4x 2.4 190 ~ 1000 | 720 


190 ~ 1100 


4 Photodiodes with op-amps & $2281 (with BNC connector) 


190 ~ 1100 
190 ~ 1000 


| Metal case with BNC. 


720 connector 


2281-01 | _11.3dia. 


®@ Monochromatic Photodiodes 


‘Type Nex ‘Spectral Response width 
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_ Peak Response Wavelength 
(am) 


FWHM (nm) 


$2684 Series 


340, 405, 500, 520, 560, 650, 700 


10+2 


u) 


4 Photodiodes with coolers 


4 $2684 (for monochromatic light) 


35, 38 and 46 ELEMENT PHOTODIODE ARRAYS 


Hamamatsu offers linear photodiode arrays designed for 
multichannel spectrophotometers. These photodiode ar- 
rays feature wide spectral response from ultraviolet to 
near infrared and low cross-talk between elements. The 
following 6 series are available, depending on the sensi- 
tivity and operation mode. Each series is provided with 
35, 38 and 46 element arrays with 1.0 mm pitch. 
Driver/amplifier circuits are also available. 


Operation Mode | Type No. Features 

With reverse bias |S2311 Series| High IR sensitivity, low dark current 
applied ali ee Pach 

(Charge integra- $2312 Series| Low IR sensitivity, low dark current 
tion readout) $2313 Series} Low Cj, suppressed IR sensitivity 
Zero bias S217 Series | High IR sensitivity, low dark current 
(Real time $2318 Series} Low IR sensitivity, low dark current 
readout) $2319 Series] Low Cj, suppressed IR sensitivity 


PHOTO ICs (intelligent Light Sensors) 


Photo ICs are intelligent light sensors consisting of a 
photodiode, a signal processing circuit and a signal output 
circuit, all integrated in a single chip. Photo ICs allow the 
user to design and manufacture compact devices with 
fewer production processes at a low cost. Proximity sen- 
sors, color sensors, and position sensors are just some 
for example of the Photo ICs available from Hamamatsu. 


Type No. Product Name Features 
$2827 Amplifier and Schmitt trigger circuit 
$2828 Photo IC sensors | are included. 
Digital output, TTL compatible 
Optical synchronous detection is 
$3599 Light easily performed as oscillator and 
modulation phto IC | LED driver are included. 
Digital output, TTL compatible 
H3911 Linear encoder Incremental 2-phase digital output 
module using moire stripes of slits 
No output gain adjustment required, 
H3833 Photo lGicolor good color temperature discrimi- 
sensor : 
nation for fluorescent lamps 


PHOTOSENSOR AMPLIFIER C2719 


The C2719 Photosensor Amplifier is a current-to-voltage 
conversion amplifier used to amplify very-low pho- 
toelectric currents from a photodiode with very little noise. 
There are three sensitivity ranges (H/M/L) to match the 
photodiode signal. A 10-turn potentiometer is used to zero 
the amplifier, so fine adjustment is possible with good 
resolution. 

As the C2719 is operated by dry batteries, it can easily 
be used anywhere. An external power input connector 


is also provided at the rear panel for a long, continuous Pd 


operation. 
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Application Examples 


Ea) Low noise light-sensitive pre-amplifier 


PD: PIN photodiodes, e.g. $1721, $2506, $2216 

Ry: Determined by sensitivity and time constant of Cj of photodiode 
Rs: Determined by operating point of FET 

FET: 2SK19, 2SK152, 2SK316, etc. 


(3) Low level light sensor head 


‘+ 10-TURN 
POTENTIOMETER 


METALIC SHIELDED BOX 


Bold lines require guarded or teflon wiring 
At: AD515, OPA111, OPA128, etc. 

Aa: OP-07 

Cr 10 to 10 pF polystyrene capacitor 

Re Metal glaze resistor (up to 10 GQ) 

s: Low leakage reed relay 

PD: $1226, $1336, $2386, etc. 


(5) illuminance meter 


© 100(mV/ fx) 
© 10(mV/ Lx) 


K 


VOLTMETER 


OP-Amp: CA3130 
PD: $1133 (0.5 »A/100 lux) 
*: Meter calibration V.R. 


@ tim sensor using high speed operational amplifier 


+15V 


~15¥ 

PD: PIN photodiodes, e.g. $1721, $2506, $2216 

Rr: Several resistors connected in series to eliminate parallel capaci- 
tance 

A: LH0032 


@ High speed light sensor 


15 
PD: PIN photodiodes, e.g. $1721, $2506, $2216 

RL: Determined by sensitivity and time constant of Cj of photodiode 
A: -HA2625, HA5162, LF357, etc. 

Vo: Ish x Ri x 11 (V) 


Vo=R, x(Ish,—Ish)) 
° Vo<+0.3V 


When equal light enters photodiodes, Vo is 0. In unbalanced state. Vo = 
+ 0.3 ~ O.5V. Filter can be used for detection of specific wavelengths. 


@ Hien speed light sensor using video amplifier 


PD: PIN photodiodes, e.g. S1721, $2506, S2216 

RL: Determined by sensitivity and time constant of Cj of photodiode 

Ax: M733 (Under the conditions shown in the figure, G=20, B=90 MHz) 
Ag: LH0033 


© Vo 


Voss —0.08t09 ($941) vy 


Dy: Logdiodes, $1853, ZU490 (Ferranti), ete. 

\g: | Current source for setting operating point, IB<<Isn 
R:  10°~ 10"0 

lo; Dy saturation voltage, 10 “*~ 10°"? (A) 

A FET-input opamp 


> 9) Ultra-high speed light detection using PIN photodiode 


PD SMA CONNECTOR 


SIGNAL VOLTAGE 
A SOQ CABLE 


509 


PD: PIN photodiodes, e.g. $1721, S2506, S2216 

R: 10kQ, Voltage drop by average photocurrent should be sufficiently 
smaller than VA 

Cc: 10000pF ceramic capacitors (3 pcs) 

PD, C: Coaxial cable should be as short as possible 


() camma-ray, X-ray detector 


PD: $1722 
Ay, Ao: LF442 
e0: Several mV or tens of mV for cobalt 60 


® LED total light emission measurement 


A: Ammeter, 1~10mA 

PD: $2387-1010BR 

B: — Aluminnm block, inner metal plating 

Po: Total light emission (W) 
Refer to spectral response features chart for PD radiant sensitivity 
Example: 0.6 A/W at 930 nm 


Po=lsh/R 


® Light-to-frequency conversion circuit 


+7~168V 

" OUTPUT ~y>7=7-p oF 
ish 
ey "Veo e 


¥PDS555, CyOS timer IC 


1 0) CT scanner, X-ray monitor 


"Aen: 
/ ALUMINIUM FOIL GAP 
SGINTILLATOR 
PD; $1337 series 
Ry 10 ~ 100M 
A: OPA111 etc. 
Scintillator, C6WO, BGO, etc, adhered to photodiode 


@ Light absorption meter 


PD: $2841, $1446 

A LOG100 (Burr Brown) 

Filter Bandpass filter etc.. when needed 

Vout = 109 (Ish1/Ish2) [¥] 

Notes: When Ishq is equal to Ish without the sample, absorbance A of 
the sample is a direct measure of Vout. i.e.. A = —Vout 


@ tion integration circuit 


© RESET INPUT 


Vo 


Vor STishx tat () 
Reset input, vse TTL L to reset 

A: -LF356 etc. 

S; COMS 4066 

PD: $1226, $1336, S2386 etc. 

C; Polycarbonate capacitor 


The operational amplifiers used in these circuit examples will differ 
in such factors as operating ambient temperature range, bias current, 
phase compensation, offset adjustment method, depending on the type 
used, 
Typical Operational Amplifiers, Video and Buffer Amplifiers 
Analog Devices AD515 
Burr-Brown OPA111, OPA128 
National Semiconductor LF357, LF356, LHO032, LHO033 
LF442, LM733 


Harris HA2625, HAS162 
RCA CA3130, PMI OP-07 etc. 
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HAMAMATSU PHOTONICS K.K., Solid State Division 


1126-1, Ichino-cho, Hamamatsu Ci 


, 435 Japan 


Telephone: 0534/34-3311, Fax: 0534/35-1037, Telex: 4225-185 


Main Products 


Silicon Photodiodes 

PIN Silicon Photodiodes 
Silicon Avalanche Photodiodes 
GaAsP Photodiodes 

Photo IC 

PCD Linear Image Sensors 
Position-Sensitive Detectors 
Phototransistors 

Infrared Detectors 

CdS Photoconductive Cells 
Optoisolators 

Opto-Hybrid IC 

Infrared Emitters 


Hamamatsu also supplies: 
Photoelectric Tubes 
Imaging Tubes 

Specialty Lamps 

Imaging and Processing 
Systems 


Information in this catalog is 
believed to be reliable. However, 
no responsibility is assumed for 
possible inaccuracies or omission. 
Specifications are subject to 
change without notice. No patent 
rights are granted to any of the 
circuits described herein. 


Sales Offices 


ASIA: 

HAMAMATSU PHOTONICS K.K. 

325-6, Sunayama-cho, 

Hamamatsu City, 430 Japan 

Telephone: 0534/52-2141, Fax: 0534/56-7889 
Telex: 4225-186 


U.S.A. 

HAMAMATSU CORPORATION 

Main Oftice 

360 Foothill Road, P.O. BOX 6910. 
Bridgewater, N.J. 08807-0910, U.S.A 
Telephone: 201/231-0960, Fax: 201/231-1539 


Western U.S.A. Office 

2444 Moorpark Avenue, Suite 312 

San Jose, Calif. 95128, U.S.A 

Telephone: 408/292-8603, Fax: 408/279-1886 


United Kingdom. 

HAMAMATSU PHOTONICS UK LIMITED 
Lough Point, 2 Gladbeck Way, Windmill Hill, 
Enfield, Middlesex EN2 7JA, England 
Telephone: 44-1-367-3560, Fax: 44-1-367-6384 
Telex: 927817 


France, Spain, Portugal, Belgium, Switzerland. 
HAMAMATSU PHOTONICS FRANCE 

Zone ORLYTECH - Bat. A3 - Allée du Cat 
Mouchotte, 91550 PARAY VIEILLE POSTE, France, 
Telephone: 33-(1) 49 75 56 80, Fax: 33-(1) 49 75 56 87 
Telex: HPF631895F 


W. Germany, Denmark, Holland: 

HAMAMATSU PHOTONICS DEUTSCHLAND GmbH 
Arzbergerstr. 10, 

D-8036 Herrsching am Ammersee, 

West Germany 

Telephone: 49-8152-375-0, Fax; 49-8152-2658 
Telex: 527731 


Sweden, Finland, Norway: 

HAMAMATSU PHOTONICS NORDEN AB 
Kanalvagen 20, 

S-194 61 Upplands Vasby, Sweden 
Telephone: 46-760/32190, Fax: 46-760/94567 


Italy: 

HESA S.P.A. 

Viale Teodorico 19/1, 20149 Milano, Italy 
Telephone: 39-(2)31 75 51, Fax: 39-(2)34 13 84 
Telex: 234-9121 


Quality, technology, and service are part of every product 


Hong Kong. 

S&T ENTERPRISES LTD. 

Room 404, Block B, 

Watson's Estate, Watson Road, 
North Point, Hong Kong 

Telephone: 5-784921, Fax: 5-8073126 


Telex: 73942 @ 


Taiwan 

S&T ENTERPRISES LTD. 

Taiwan Branch 

No, 56, Nanking East Road, Section 4, 
Taipei, Taiwan 

Telephone: 02-775-2963 .6, Fax: 02-721-6223 
Telex: 22590 


KORYO ELECTRONICS CO., LTD. 

Min-Seng Trade Bidg., 

No. 342, Min-Seng East Road, « 
Taipei, Taiwan 

Telephone: 02-505-6470, Fax: 02-500-6813 

Telex: 25335 


Korea: 

SANGSOO SANGSA CO. 

Suite 421, Sunmyunghoi Bidg., 

24-2, Yoido-Dong, Youngdeungpo-ku, 
Seoul, Korea 

Telephone: 02-780-8514, Fax: 02-784-6062 
Telex: 22565 


Singapore: 

S&T ENTERPRISES LTD. 

Singapore Branch 

80, Genting Lane, 

Unit 03-02, Genting Block, 

Ruby Industrial Complex 

Singapore 1334 q 
Telephone: 7459235, Fax: 065-7469630 
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